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BEHAVIORAL NEUROSCIENCE
  activation in the right middle frontal gyrus, while women showed 
higher activation in the left middle temporal gyrus (Wildgruber 
et al., 2002). Also, an effect of sex on brain activation during the 
recognition of fearful faces, despite no sex differences in task per-
formance was reported (Kempton et al., 2009).
Sex differences in cognition are consistently reported: for 
example, men excel in mental rotation and spatial perception 
while women perform better in verbal memory tasks, verbal flu-
ency tasks, speed of articulation, episodic memory tasks, and in 
the utilization of prosodic information (Schirmer et al., 2002; 
Schirmer and Kotz, 2003). Furthermore, language and reading 
disorders are reported to occur approximately twice as often in 
boys than in girls (Flannery et al., 2000), reflecting the sex-related 
difference in cognitive skills. Sex-related differences in language 
processing are well known from everyday life, as well as from 
scientific literature (Hill et al., 2006; Catani et al., 2007). Why 
females generally perform better on language tasks than males 
is still unknown (Burman et al., 2008). A common hypothesis 
attributes this differences to a bilateral contribution of language-
related cerebral areas in females and a left-hemispheric dominated 
activation in males (Josse and Tzourio-Mazoyer, 2004; Sommer 
et al., 2004; Kitazawa and Kansaku, 2005; Ortigue et al., 2005; Hill 
et al., 2006; Ikezawa et al., 2008). Women might thus use both 
hemispheres for language functions, while men predominantly 
IntroductIon
Emotional events are better memorized than neutral events and in 
recent years many animal and human studies have yielded evidence 
for it (Roozendaal, 2000; Arntz et al., 2005; Gasbarri et al., 2005, 
2006, 2007, 2008a).
Recent studies have also revealed seemingly large, but previously 
unsuspected, sex-related influences on this mechanism (Frank and 
Tomaz, 2000; Cahill, 2006; Gasbarri et al., 2006, 2007; Hofer et al., 
2007). For example, the role of the amygdala in emotional memory 
reveals a different sex-related hemispheric specialization: activity of 
the right, but not of the left, hemisphere amygdala relates signifi-
cantly to memory of emotional material in men; conversely, activity 
of the left, but not the right, hemisphere amygdala relates signifi-
cantly to memory of emotional material in women (Cahill, 2006). 
The evidence that each amygdala is likely to modulate information 
processing in other brain areas (McGaugh, 2000, 2004; Kilpatrick 
and Cahill, 2003), combined with the fact that amygdalo-cortical 
projections are almost exclusively ipsilateral, led us to consider the 
possibility that a sex-related hemispheric lateralization of process-
ing for emotional material may also exist to some degree in cortical 
regions.
Moreover, despite an absence of sex differences in behavioral 
performance during the discrimination of emotional (sad and 
happy) vocal intonation, men evidenced significantly higher 
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doi: 10.3389/fnbeh.2011.00052use the left hemisphere. However, imaging studies reviewed by 
Sommer et al. (2007) failed to find such a generalized lateraliza-
tion effect, and reported a left-lateralized activation in both sexes 
instead. Therefore, sex differences in lateralization may not be 
a general feature of language processing, but could be related 
to specific conditions, such as the chosen research method and 
the heterogeneity of the language tasks used (Hill et al., 2006). 
This topic is still debated and in the center of attention for many 
reasons (Clements et al., 2006; Plante et al., 2006). First, there are 
considerable differences between men and women in the develop-
ment of language abilities. In fact, when speaking first begins, girls 
usually articulate better than boys and create longer sentences; 
perhaps, as a consequence, compared to boys, girls tend to have 
larger working vocabularies, better use of grammar, and supe-
rior reading abilities. Part of this verbal advantage for females 
survives into adult age, mainly in the domain of use of grammar 
and verbal fluency (Sommer et al., 2008). Moreover, studies on 
language disabilities both of severe and mild type reported that 
boys are affected more frequently than girls (Liederman et al., 
2005). Some psychiatric disorders (e.g., autism, attention deficit 
hyperactivity disorder, schizophrenia) have higher prevalence 
in males than females (Afifi, 2007), and may be associated with 
deviations in standard cerebral dominance (Sommer et al., 2007). 
Additionally, after left cerebral stroke, women appear to recover 
from aphasia better than men (Pedersen et al., 1995). If a more 
bilateral language lateralization in women, compared to men, 
really exists, this could give an explanation for all these observed 
sex-related differences.
The aim of the present paper is to extend our previous find-
ings, indicating that both sex and cerebral hemisphere constitute 
important interacting influences on neural correlates of emotion, 
and emotional memory (Gasbarri et al., 2006, 2007), and to analyze 




Sixty-four subjects (32 women and 32 men), mean age 25 (±  
4.15), all University of L’Aquila students, viewed pictures from the 
International Affective Picture System (IAPS).
All the subjects were initially submitted to a screening interview 
to check for any health problems. All subjects were right-handed, 
had normal vision and were not suffering from any neurologi-
cal disorder. Exclusionary criteria included any major medical or 
psychiatric illness, substance abuse, or history of head injury. All 
experiments were conducted in accordance with the declaration of 
Helsinki, and all the procedures were carried out with the adequate 
understanding of the subjects, who read and signed an informed 
consent before participating in this research study.
stIMulus MaterIals
The stimulus materials, utilized in this study, consist in emotional 
stimuli from the IAPS, a set of calibrated picture stimuli widely used 
in investigating emotion (Lang et al., 1999), previously employed 
in emotional memory studies (Cahill and McGaugh, 1995; Adolphs 
et al., 1997; Cahill, 2005; Gasbarri et al., 2005, 2006, 2007, 2008a; 
Satler et al., 2007).
The set of stimuli consisted in 60 pictures1 selected from the 
IAPS (Lang et al., 1999), according to the valence dimension 20 
pleasant, 20 unpleasant, and 20 neutral slides. Pleasant slides were 
puppies, happy babies, etc., unpleasant slides showed mutilations, 
wounded people, etc., and neutral slides were common things, such 
as household objects. More details on this kind of stimulus material 
can be found in other studies (Cahill and McGaugh, 1995; Adolphs 
et al., 1997; Frank and Tomaz, 2000; Tomaz et al., 2003; Cahill, 
2005; Gasbarri et al., 2005, 2006, 2007, 2008a; Satler et al., 2007).
Procedure
Participants viewed the IAPS pictures, while seated in a comfort-
able chair in a sound-attenuated, dimly lit room. After electrode 
attachment and laboratory adaptation, they were told that a series of 
emotional slides would be presented and that they should observe 
each picture the entire time it appeared on the screen, trying not to 
move their eyes. The entire projection of the slides lasted 10 min; 
each slide image was presented for 2 s, with the order of the slides 
randomized for each subject. The trigger was recorded at the begin-
ning and at the end of the stimulus presentation. An 8 s interval 
occurred between each trial, during which the screen was com-
pletely black except for a small cross at the center of the screen 
which subjects were instructed to stare at. No cross was shown 
while the pictures were presented.
At the end of the recording procedures, the participants were 
asked to judge their personal emotional reactions to the pictures 
on a scale measuring affective valence. The values included in the 
scale ranged between 1 (indicating a very unpleasant image) and 10 
(indicating a very pleasant image); a score of 5 indicated “not emo-
tional.” The subjects were instructed to come back to the laboratory 
after 10 days, but no mention of a memory test was made. When 
they came back, subjects performed a free recall task, in which 
they were asked to recall as many slides as possible, writing down 
a word or a short sentence describing each one. More details about 
this kind of stimulus material can be found in previous research 
(Cahill and McGaugh, 1995; Adolphs et al., 1997; Gasbarri et al., 
2005, 2006, 2007, 2008a; Satler et al., 2007).
The free recall was recorded on a portable tape recorder; the 
number of words utilized in the free recall of positive, negative, and 
neutral stimuli was counted in female and male subjects, in order 
to evaluate possible talkativeness differences between the two sexes 
in the recollection of emotional stimuli.
ERP recording
EEG signals were recorded at 19 scalp sites (Fp1/Fp2, F3/F4, C3/
C4, P3/P4, O1/O2, F7/F8, T3/T4, T5/T6, Cz, Fz, Pz), according 
to the International 10/20 System, (Lang et al., 1999) employing 
actiCap (Brain Products GmbH) with active electrodes. Impedance 
measurement displayed directly at the electrodes and active shield-
ing is implemented; we used the actiCap Control Software (Brain 
Products GmbH).
1The IAPS slide numbers were as follows: neutral, 7170, 2200, 2210, 7000, 5510, 
6150, 7040, 7050, 7080, 7090, 7100, 7130, 7150, 2190, 7500, 7550, 7560, 7700, 7710; 
pleasant, 1610, 1710, 1750, 1920, 1602, 2050, 2070, 2080, 2501, 2160, 2260, 2340, 
1440, 4660, 5200, 5600, 5760, 5830, 7330, 7580; unpleasant, 9410, 2800, 3000, 3010, 
3100, 2121, 3120, 3130, 2120, 9250, 3350, 3140, 3150, 3170, 3180, 3220, 6010, 6200, 
6230, 9000.
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eMotIonal reactIons
The personal emotional responses to the IAPS slides reliably dis-
criminated neutral from emotional pictures, and confirmed differ-
ences in affective content between the slide categories. Unpleasant 
pictures were judged significantly less pleasant than the neutral 
pictures which, in turn, were rated less positively than pleasant 
pictures.
The three stimulus contents were distinct and representa-
tive of affect type: mean valence (nine-point scales, pleasant 
high) for pleasant pictures was 7.11 (±1.34) in men and 7.65 
(±0.89) in women. Mean valence for unpleasant pictures was 
2.74 (±1.26) in men and 2.39 (±1.35) in women. Mean valence 
for neutral pictures was 5.20 (±0.86) in men and 5.04 (±1.17) 
in women.
evoked PotentIals
The P300 window was set at 300–450 ms after stimulus onset. 
P300 was quantified within each average waveform as the larg-
est positive deflection in that epoch. Both P300 amplitude and 
latency data were computed. Grand-average ERPs in response 
to unpleasant, pleasant and neutral stimuli are presented in 
Figure 1.
P300 amplitude
The P300 amplitude was determined for F3/F4, and P3/P4 electrode 
sites in both men and women (Figure 2). All data were analyzed 
using ANOVA followed by Tuckey’s test.
Frontal sites. At site F3, women showed a P300 amplitude in 
response to unpleasant slides that was significantly higher com-
pared to both pleasant [F(1,62) = 35.25; *p < 0.0001] and neutral 
slides [F(1,62) = 156.02; **p < 0.001]. Moreover, in women the 
P300 amplitude in response to unpleasant slides was significantly 
higher compared to men [F(1,62) = 40.89; Ÿp < 0.0001].
In men, P300 amplitude in response to unpleasant slides was 
significant higher at site F4 compared to F3 [F(1,62) = 9.40; 
*p < 0.003], while in women it was significantly higher at site F3 
compared to F4 [F(1,62) = 22.26; ♦p < 0.0001].
The evaluation of amplitude in response to pleasant and neutral 
slides did not reveal any significantly difference between males and 
females at either F3 or F4 electrode sites.
Parietal sites. At site P3, women showed a P300 amplitude 
in response to unpleasant slides that was significantly higher 
compared to either pleasant [F(1,62) = 14.491; *p < 0.0001] 
and neutral slides [F(1,62) = 107.842; **p < 0.001]. Moreover, 
in women the P300 amplitude in response to unpleasant slides 
was significantly higher compared to men [F(1,62) = 6.532; 
Ÿp < 0.013].
In men, P300 amplitude in response to unpleasant slides was 
significantly higher at site P4 compared to P3 [F(1,62) = 9.409; 
*p < 0.003], while in women it was significantly higher at site P3 
compared to P4 [F(1,62) = 7.867; ♦p < 0.012].
The evaluation of amplitude in response to pleasant and neutral 
slides did not reveal any significant difference between males and 
females at either P3 or P4 electrode sites.
Our EEG equipment (BRAINAMP – Brain Products GmbH) 
includes the Vision Recorder software, which measures specifi-
cally with very high precision GND (ground) and REF (ref-
erence) electrodes impedance. Impedance of each electrode 
was checked to insure it was ≤5 kΩ. Horizontal and vertical 
eye movements were monitored with a bipolar recording from 
electrodes at left and right outer canthi. The EEG from each 
electrode site was digitalized at 250 Hz. To further reduce high-
frequency noise, the averaged visual evoked potentials were fil-
tered at 0.01 Hz (24 dB/octave) and 30 Hz (24 dB/octave) with 
50 Hz notch filter.
Visual evoked potentials were stored for offline averaging using 
Brain Vision Analyzer (Version 1.05.0001 – Brain Products GmbH). 
Epochs of averaging were 100 ms prior the stimulus onset and 
1000 ms after stimulus onset.
Computerized artifact rejection was performed prior to signal 
averaging in order to discard epochs in which deviation in eye 
position, blinks, or amplifier blocking occurred. We used the dif-
ference criterion with the maximal allowed absolute difference of 
two values in the segment of 250.00 μV.
On average, about 18% of the trials were rejected for violating 
these artifact criteria. We considered “not valid” trials of the subjects 
who interrupted the EEG recordings for personal reasons and trials 
in which deviation in eye position, blinks, or amplifier blocking 
occurred during the averaging.
Word count
In order to evaluate possible talkativeness differences between the 
two sexes in the recollection of emotional stimuli, we counted 
the number of words that men and women used when they were 
submitted to a declarative memory test, using IAPS slides as emo-
tional stimuli. To this aim, research assistants listened to audio-
recordings of the task and tallied the words with an electronic 
counter. According to other studies (Wardle et al., 2011), non-word 
utterances such as “umm,” “uhh,” “err,” and “ehh” were included in 
the count. The decision to include non-word utterances was made 
on the basis that these “filled pauses” indicate intent or urge to 
speak, and thus should be treated differently than silence. Indeed, 
in previous research, filled pauses have been particularly sensitive 
to drug effects (Epstein et al., 2010; Marrone et al., 2010), suggest-
ing that they do differ qualitatively from unfilled pauses. A 30-s 
segment of the task of each subject was recounted by a “standard” 
rater (the first author). If his count of the sample differed by more 
than two words from the count given by a research assistant, the 
entire recording was recounted. This procedure resulted in less 
than 1% of individual tasks needing to be recounted, and none 
of these final counts were discrepant from the original counts by 
more than 10 words.
statIstIcal analysIs
Data obtained were analyzed using analyses of variance (ANOVA). 
The analysis of event-related-potential (ERP) parameters, P300 
amplitude, and latency was conducted separately. All trials that 
violated the artifact criteria were rejected. Differences between 
groups were tested using Tuckey’s test.
Statistical significance was set at p < 0.05. All data are presented 
as means ± SEM.
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electrode sites. Unbroken line: unpleasant slides; little dotted line: pleasant slides; regular dotted line: neutral slides.
FiguRE 2 | Mean amplitude (±SEM) of P300 wave in men and women at F3/F4 and P3/P4 electrode sites, in response to unpleasant, pleasant, and neutral 
iAPS pictures.
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ant, and 2.45 (±1.52) neutral pictures; similarly, women recalled 8.3 
(±2.16) unpleasant, 4.9 (±1.83) pleasant, and 1.87 (±1.28) neutral 
pictures.
The evaluation of memory for the IAPS slides showed that 
men recalled significantly more unpleasant slides compared to 
both pleasant ([F(1,62) = 24.063; *p < 0.0001]) and neutral slides 
[F(1,62) = 139.585; **p < 0.0001] (Figure 4); analogously, women 
recalled a significantly higher number of unpleasant than pleas-
ant [F(1,62) = 46.114; *p < 0.001] and neutral [F(1,62) = 209.344; 
**p < 0.0001] slides.
The number of pleasant slides recalled by women and men was 
higher compared to neutral, even though this difference was sta-
tistically significant in men [F(1,62) = 56.33,νp < 0.012], but not 
in women [F(1,62) = 2.59, p < 0.112 n.s.; Figure 4].
The comparison between men and women revealed that 
females recalled a higher number of slides compared to males, 
even though the difference was statistically significant for the 
unpleasant [F(1,62) = 8.62, p < 0.005], but not for the pleas-
ant [F(1,62) = 0.93, p < 0.338 n.s.] and neutral [F(1,62) = 2.54, 
p < 0.116 n.s.] slides.
talkatIveness
In the free recall, the quantification of the number of words 
utilized by the subjects evidenced that women used 99.4 
(±21.41) words to describe the unpleasant, 73.1 (±13.36) for 
the description of the pleasant, and 46.8 (±15.62) for the neu-
tral slides. Our results show that female subjects utilized a sta-
tistically significant higher number of words to describe the 
unpleasant slides, compared to both pleasant [F(1,62) = 35.53; 
νp < 0.01] and neutral [F(1,62) = 132.28; ννp < 0,01] pictures; 
moreover, they used a statistically significant higher number 
of words to describe the pleasant compared to neutral slides 
[F(1,62) = 56.33; ***p < 0,1].
Men utilized 73.2 (±7.93) words to describe the unpleasant 
slides, 51.9 (±6.68) to describe the pleasant, and 46.5 (±15.44) 
to describe the neutral (Figure 5). Our findings reveal that male 
subjects utilized a statistically significant higher number of words 
to describe the unpleasant slides, compared to both pleasant 
[F(1,62) = 147.62; ννp < 0.001], and neutral [F(1,62) = 78.68; 
νννp < 0.01]; moreover, they used a higher number of words 
to describe the pleasant compared to neutral [F(1,62) = 2.59; 
p < 0.112 n.s.], even though the difference is not statistically 
significant.
P300 latency
The P300 latency was determined for P3/4, and F3/4 electrode sites 
in both men and women (Figure 3). All data were analyzed using 
ANOVA followed by Tuckey’s test.
Frontal sites. At site F3, the P300 latency in women after the pres-
entation of unpleasant slides was significantly shorter compared 
to both pleasant [F(1,62) = 15.941; *p < 0.0001] and neutral slides 
[F(1,62) = 84.071; **p < 0.0001]. Furthermore, latency at site F3 
was significantly longer in men than in women [F(1,62) = 3.982; 
Ÿp < 0.005] in response to unpleasant slides. Indeed, the latency in 
response to unpleasant slides was significantly longer at F3 than at 
F4 electrode site in men [F(1,62) = 11.108; *p < 0.001], but signifi-
cantly longer at F4 than at F3 in women [F(1,62) = 17.15; *p < 0.01].
At site F4 the P300 latency in response to the unpleasant slides was 
significantly longer in women compared to men [F(1,62) = 25.710; 
**p < 0.0001]; moreover, the P300 latency in response to the pleas-
ant slides was significantly longer in women compared to men 
[F(1,62) = 6.160; Ÿp < 0.016].
The evaluation of latency in response to pleasant and neutral 
slides did not reveal any significant difference between males and 
females at either F3 or F4 electrode sites.
Parietal sites. At site P3, in men, the P300 latency after the pres-
entation of unpleasant slides was significantly shorter compared 
to both pleasant [F(1,62) = 6.215; *p < 0.015] and neutral slides 
[F(1,62) = 57.57; **p < 0.0001]. Furthermore, latency at site P3 
was significantly longer in men than in women in response to 
unpleasant slides [F(1,62) = 44.50; Ÿp < 0.001]. Indeed, the latency 
in response to unpleasant slides was significantly longer at P3 than 
at P4 electrode site in men [F(1,62) = 23.09; ♦p < 0.0001], but 
significantly longer at P4 than at P3 in women [F(1,62) = 9.54; 
*p < 0.003].
Finally, at site P4 the P300 latency in response to the unpleas-
ant slides was significantly longer in women compared to men 
[F(1,62) = 21.10; **p < 0.003].
The evaluation of latency in response to pleasant and neutral 
slides did not reveal any significant difference between males and 
females at either P3 or P4 electrode sites.
MeMory
Free recall for the IAPS, evaluated on the basis of the number of pic-
tures recalled, revealed that emotional content influenced memory 
both in men and women.
FiguRE 3 | Mean latency (±SEM) of P300 wave in men and women at F3/F4 and P3/P4 electrode sites, in response to unpleasant, pleasant, and neutral 
iAPS pictures.
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women, compared to men, is in agreement with other research 
showing that females are more reactive to emotional unpleas-
ant stimuli, particularly those that are threatening or traumatic 
(Whittle et al., 2011). Greater female reactivity has been found in 
the domains of self-report (Lang et al., 1993), behavioral response 
(Vigil, 2009), and physiological responding (Lithari et al., 2010), 
although some inconsistent findings were reported (Schienle et al., 
2005; Fugate et al., 2009).
Many research works have revealed a gender-related dimor-
phism during the processing of emotional stimuli (Schirmer et al., 
2002; Brebner, 2003; Campanella et al., 2004; Montagne et al., 2005; 
Scholten et al., 2005). Among these studies, one of the most notice-
able observation is that men, compared to women, are less capable 
of labeling negative emotions (Li et al., 2008). Early reports showed 
that males are less accurate in recognizing emotions from faces, in 
particular in recognizing negative emotions such as fear, disgust, 
and sadness (Hall, 1978; Miura, 1993), and more recent studies, 
related to psychosocial aspects of depression, suggested that inter-
personal communications through non-verbal emotional cues are 
more pronounced in women than in men (Harris, 2001; Campanella 
et al., 2004). Moreover, when asked to identify facial affects, healthy 
males had lower accuracy scores than healthy females in recognizing 
negative emotions, and the performances of male schizophrenic 
patients were impaired compared to female patients (Scholten et al., 
2005). Similarly, women were more accurate in labeling negative 
emotions and identifying negative facial expressions, compared to 
men (Montagne et al., 2005). The advantage of women, compared 
to men, in identifying negative emotions, could be attributed to the 
reduced sensitivity to emotionally negative stimuli of men, com-
pared to women, since it was shown that the same emotionally 
negative pictures activated more neural substrates as well as greater 
cerebral activation values (e.g., in amygdala) in females than in males 
(Wrase et al., 2003; Hofer et al., 2006; Li et al., 2008). These results 
evidence that women are more susceptible to negative emotions in 
life settings, which may be one important mechanism underlying 
their higher prevalence of affective disturbances, compared to men 
(Yuan et al., 2009).
The comparative evaluation of the number of words uti-
lized by men and women showed that women used a higher 
number of words compared to men to describe both the 
unpleasant [F(1,62) = 40.98;*p < 0.001], and pleasant pictures 
[F(1,62) = 69.01;**p < 0.001]; regarding the neutral slides, even 
though women used a higher number of words, compared to men, 
to describe them, the difference was not statistically significant 
[F(1,62) = 0.011; p < 0.917 n.s.].
dIscussIon
Functional sex-related differences have been shown in brain cor-
relates of emotional (Gasbarri et al., 2008b,c) and facial process-
ing (Killgore and Yurgelun-Todd, 2001), working memory (Speck 
et al., 2000), auditory (Salmelin et al., 1999; Hulten et al., 2010) 
and language processing (Shaywitz et al., 1995; Pugh et al., 1996).
The present findings indicate that gender is a crucial variable in 
understanding cerebral hemisphere function, particularly in relation 
to emotional conditions, confirming that men and women differ in 
brain activation during cognitive tasks. In addition, we clearly con-
firm and extend our recent studies based on ERP, evaluating whether 
a sex-related hemispheric lateralization of electrical potentials elic-
ited by emotional stimuli exists (Gasbarri et al., 2006, 2007, 2008a).
It is well known that P300 latency is considered a metric of 
stimulus classification speed, with shorter latencies thought to 
reflect superior cognitive performance (Duncan et al., 2009) and 
P300 latency and amplitude are negatively correlated (Polich, 2003).
As indexed by both amplitude and latency measures, the present 
results showing that emotional stimuli elicited a stronger P300 in 
women than in men, in the left hemisphere, and a stronger P300 in 
men than in women, in the right hemisphere, are in agreement with 
brain imaging studies indicating greater left hemisphere amygdala 
participation in processing memory of emotionally arousing mate-
rial in women, but better right hemisphere amygdala processing 
into memory of the same material in men (Canli et al., 2002; Cahill, 
2005, 2006, 2010; Andreano and Cahill, 2010).
Moreover, our data showing more robust right hemisphere P300 
effects in men, and more robust left hemisphere P300 effects in 
women to arousing stimuli, reveal that the emotional slides were 
also better remembered, suggesting that the P300 effects could be 
related to the enhancement of memory.
FiguRE 4 | Number of unpleasant, pleasant, and neutral iAPS pictures 
recalled by men and women. FiguRE 5 | Number of words utilized by men and women during the free 
recall for unpleasant, pleasant, and neutral iAPS pictures.
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cessing, word knowledge, and long-term memory on verbal fluency 
factors were also reported (Weiss et al., 2006).
The popular stereotype that women are more talkativeness than 
men is often considered a scientific evidence (Brizendine, 2006), 
even though conflicting data still exist (Mehl et al., 2007), and 
many imaging studies failed to find such a generalized lateralization 
effect, reporting a left-lateralized activation in both sexes instead 
(Hill et al., 2006). This implies that the putative sex difference in 
language lateralization may be evidenced only with particular, as 
yet not defined, language tasks.
It is possible to hypothesized that part of the well known con-
troversy about whether women speak more than men (Leaper and 
Ayres, 2007) may be related to the manner in which the speech is 
elicited, and the kind of task utilized (Wardle et al., 2011).
Most of the studies held gender constant, which might also con-
tribute to different effects in same vs. opposite sex dyads. Future 
studies might also consider systematically varying the gender of 
the experimenter. Therefore, the hypothesis that differences in lan-
guage lateralization underlie the general sex differences in cognitive 
performance has still to be confirmed, and the neuronal basis for 
these cognitive sex differences remains elusive.
Research into activation effects of ovarian hormones demon-
strated that speech articulation and verbal fluency are enhanced at 
the high hormonal phases of the menstrual cycle (Wadnerkar et al., 
2006). Many sex differences in language, that were once explained 
by testosterone-mediated effects alone, are now supposed to be 
the result of active differentiation in both sexes, i.e., feminisation 
in females and masculinisation in males (Whiteside et al., 2004). 
Ovarian estrogen influences the organization of many neurobehav-
ioral systems in both non-humans and human species (Bimonte 
and Denenberg, 1999), and hormonal changes across the menstrual 
cycle affect several activational parameters at the neuroanatomi-
cal, neurofunctional, and behavioral levels (Sanders and Wenmoth, 
1998; Rudick and Woolley, 2001; Sandstrom and Williams, 2001; 
Gasbarri et al., 2008c; Ossewaarde et al., 2010). Studies evaluating 
different tests of cognition and behavior, including reports of motor 
and perceptual skills and functional laterality in perception, showed 
that performance is systematically altered as a function of hormo-
nal fluctuations during the menstrual cycle (Maki et al., 2002). 
Overall, the literature indicates that some abilities are positively, 
and others negatively influenced, during particular phases of the 
menstrual cycle corresponding to high levels of circulating estrogen 
(Hausmann et al., 2002) and, in some cases, also to progesterone 
(Whiteside et al., 2004).
However, much remains unclear about the organization and 
co-ordination of speech production systems as a function of acti-
vation by ovarian hormones across the menstrual cycle (Kitazawa 
and Kansaku, 2005).
The results of the current study support the view that sex dif-
ferences in lateralization may not be a general feature of language 
processing but may be related to the specific condition, such as 
the emotional content of the stimuli used in the present research.
Moreover, taking into account that many data suggest that sig-
nificantly different patterns of activation exist between men and 
women in different cognitive tasks and in various paradigms, the 
It is widely recognized that the female brain has tremendous 
unique aptitudes outstanding verbal fluency, the ability to connect 
deeply in friendship, to read faces and tone of voice for emotions 
(Brizendine, 2006).
In the present study, the evaluation of the number of words uti-
lized by male and female subjects which we counted during the free 
recall of emotional and neutral stimuli, showed that in both emo-
tional and neutral pictures, women used a higher number of words 
compared to men. Sex-related differences in language processing and 
conversational behavior have long been an issue of scientific and 
also of public interest (Litosseliti, 2006; Mehl et al., 2007). Sexual 
dimorphism of cognitive ability has consistently been shown to 
occur in two domains: the former is represented by visuo-spatial 
ability (such as spatial perception, mental rotation, and mathemati-
cal tasks), and the latter includes tasks of verbal memory, verbal 
fluency, and speed of articulation. While men excel in visual–spatial 
ability skills, women outperform men in verbal fluency and epi-
sodic memory tasks, as well as in the use of prosodic information 
(Schirmer et al., 2002; Schirmer and Kotz, 2003; Bell et al., 2006).
The biological explanation for gender differences in language use 
hypothesizes that sex-related differences have resulted from evolu-
tionary pressures for men to be more aggressive and self-assertive, 
and for women to be more nurturing and affiliative (Lippa, 2005; 
Luxen, 2005; Pellegrini and Archer, 2005; Anderson et al., 2006; 
Leaper and Ayres, 2007). A hypothesis underlying this view is that 
the brain of men and women tend to differ in its organization and 
functioning. Indeed, it was proposed that the female brain performs 
better in language ability (Andersen, 2006). This view is supported 
by studies indicating a slight advantage for girls over boys in lan-
guage development and ability. There are also some studies suggest-
ing average sex differences in brain lateralization (Gleason, 2002).
The cerebral substrate of the sex-related differences in cognition 
is actually still unclear. The most common hypothesis attributes 
sex-related differences in language processing to a left-hemispheric 
dominated activation in men, and a bilateral contribution of lan-
guage-related brain areas in women (Josse and Tzourio-Mazoyer, 
2004). Thus, males might predominantly use the left hemisphere 
for language functions, while women use both hemispheres. A 
more bilateral pattern of language representation could result in 
better verbal skills, while visuo-spatial processing would be infe-
rior in subjects with bilateral language representation. Therefore, 
the female deficit in spatial performance is thought to arise from 
competition between verbal and spatial functions in the right 
hemisphere (Sommer et al., 2004). Many findings support this 
theory that sex differences in cognition result from more bilateral 
representation of language functions in women than in men. For 
example, it was showed that female stroke patients, compared to 
males, exhibited verbal impairment less frequently after lesions 
of the left hemisphere; in addition, a less pronounced asymmetry 
of the temporal planum in women, compared to men, was also 
reported (Foundas et al., 2002; Sommer et al., 2004).
Sex differences in conversational behavior and language process-
ing have long been an issue of scientific and also public interest. 
Moreover, behavioral and functional imaging studies evidenced 
better performances of women, compared to men, in executive 
speech tasks (Weiss et al., 2006); in addition, differences in the 
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